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Abstract 
The hybrid power sources, particularly type renewable is one of advanced solutions in the field of energy including 
wind-photovoltaic type, designed to ensure reliability of system operation or chain energy conversion with better 
management and control. In this paper, we analyze the modeling and simulation of an energy conversion system 
based on a double-fed induction machine (DFIM) powered by a hybrid renewable source. The results obtained are 
very advanced and satisfactory. 
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1. Introduction 
     One of the big challenges of the man was always the control of the energy. Since millenniums, it tries 
hard by means more and more ingenious to get it under its various forms to resolve problems dregs at its 
needs. Electrical energy is not unlike any other, form of energy most used and most indispensable [1]. 
Indeed, we use electrical energy to enlighten us, we heated, chilled or cook our food, we inform, treat us, 
distract us and agriculture: of greenhouse to aquaculture, of automotive to internet.. Our lifestyles are thus 
responsible for the constant increase of our needs in energy; also we have to find modes of production 
always more successful [2]. There are two categories of energy from the which we can produce some 
electricity: the energies said renewable (biomass, wind, sun, water, geothermal science) and the not 
renewable, fossil energies (oil, natural gas, coal), or nuclear power (ores of Uranium). The second 
category is already causing, or will arise in a more or less near future supply problems of the stocks 
(reserves) which will be exhausted. Global warming induced by its rejection of greenhouse gas emissions 
(CO2) and the problem of the radioactive waste are on the other hand a very current reality[1][2]. 
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     The future of electricity generation is resolutely turned towards the exploitation of renewable 
resources. The genius Electrotechnics in front of to assure the development of techniques returning it 
possible, it is in this option that joins the present work, in which we are interested in the study and control 
of an induction machine with double fed supplied by a hybrid source (wind, photovoltaic)[3][4].   
 
     The induction machine was strongly competed for a long time by the synchronous machine in the field 
of the strong powers, until the advent of the electronics of power. Because of its robustness and simplicity, 
it is found today in many applications, particularly in transport (metro, train, ship propulsion), industry 
(machine tools) in appliances [2]. It is only used as a motor, but always through the power electronics, it 
is more often used in generator [1][2]. It is for example the case of wind turbines. The main advantage of 
the double supply is the possibility of working in variable speed. Indeed the system of the DFIM allows 
to adjust the rotation speed of the rotor according to the wind speed to extract the maximum of power by 
a wide range of speed of wind [1][2]. 
 
     Our aim is to observe the behavior of the DFIM against the proposed hybrid power by modeling the 
complete chain of energy conversion including a wind forum, a doubly fed induction machine and 
photovoltaic panels connected to the machine via a three-phase five-level inverter-type NPC.  
 
2. Modeling of hybrid system  
The hybrid systems (wind-photovoltaic) are adapted well to a production decentralized by electricity. The 
figure. 1 gives a simplistic representation of the hybrid chain of conversion of studied energy. 
 
This system is constituted by an induction machine double fed driven by a wind turbine and piloted by the 
rotor via photovoltaic solar panels. This type of application can be used in remote areas, in traction .... 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Schematic of the hybrid system 
2.1. Establishment of model of AeroTurbine  
     A wind turbine converses in two parts: a mechanical part (the aéroturbine) and the electric part (the 
generator) as shown on the figure. 2. 
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The aéroturbine is constituted by three directional pales of length R basic salaries on one tree of training turning 
in a speed  Ωturbine, itself  connected with a multiplier of speed of gain G which leads the generator in the speed 
Ωmecanical [1][3][4].  The elasticity and the frictions of pales as well as those of the multiplier will be ignored. 
                               
Fig 2. Configuration of a wind turbine 
 
     The multiplier is characterized by the gain G adjusts the speed (slow) of the turbine to the generator 
speed. It is modeled mathematically by the following relations: 
 
Ωmecanical= G Ωturbine                                                                                                                                                                                      (1) 
 
           Cg = Caer / G                                                                                                                          (2) 
Cg  is the mechanical torque of the turbine 
 
Caer is the aerodynamic torque of the turbine is directly determined by: 
                Caer = Paer / Ωturbine                                                                                                                                                                                       (3) 
   
The aerodynamic power recovered at the rotor of the turbine Paer is:  
      Paer = CP (λ, β) (ρ / 2) V3 S (4) 
Where:  β is The pitch angle 
 
The speed ratio λ is defined as:  
                        λ = Ωturbine R / V                                                                                                          (5) 
V is the Wind speed. 
 
The power coefficient Cp, is the aerodynamic efficiency of the turbine. Its theoretical limit is given by the 
Betz limit. In our case the power coefficient Cp is given by the following equation:  
  Cp (λ, β) = C1 ((C2 / λi) – C3 β – C4) exp [- C5 / λi] + C6 λ                                                                                      (6) 
 
With :              λi = (1 / (λ + 0.008 β) – (0.035 / (β
3 + 1))                                                                      (7) 
And :                    C1 = 0.5176 ; C2 = 116 ; C3 = 0.4 ; C4 = 5 ; C5 = 21 ; C6 = 0.0068 
 
 The generator shaft is modeled by the following equation: 
  
            J dΩmecanical / dt = Cg - Cem - f Ωmecanical                                                                                                                                  (8) 
  J  is the total inertia of rotating parts (Kg.m2). 
  f  is the viscous friction coefficient. 
  Cem the electromagnetic torque of the generator  (N.m). 
 
 The wind profile used in our model and the variations of mechanical speed of the generator, which is 
around 157rad / s, or around 1500rpm are shown in figure.3.  
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By neglecting the losses of origin electric, the electric power becomes equal to the electric power defined by: 
P
elec =  Cem . Ωmecanical                                                                                                                       (9) 
      
This power is counted negatively because it opposes the aerodynamic power figure.4. It is fluctuating, 
because the power coefficient is not adjusted to the maximum value because λ changes. 
 
 
Fig. 3.  Wind profile applied to the model and mechanical speed 
                                  
                              Fig. 4.  Electric power     
2.2. Equivalent model of solar photovoltaic 
Several models of photovoltaic cells exist[5][6][7]. In our case we chose to use the model said model with 
two exponential or more model with two diodes. This model is schematized on the figure. 5. 
                             
Fig. 5.  Schematic model of a two-exponential solar cell 
 
          From this diagram we can deduce the equations characteristic of a photovoltaic panel consisting of 
Ns cells connected in series with the help of Kirchhoff's law. 
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Where: 
 I and V are current and output voltage of the photovoltaic cell. 
Iph  is the photo-current product. 
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 IS1 and IS2  are the saturation currents of diodes. 
 A1 and A2  are the factors of purity of the diode  (A1= 1 and A2= 2).  
RS and RP   are respectively the series resistance and parallel resistance. 
T  is the absolute temperature in ° K. 
q   is the elementary charge constant. 
K is the Boltzmann constant. 
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 For the calculation of a solar installation, it is necessary to take into account the variations of the 
illumination and the temperature.  
  A.  Influence of the illumination 
 
The electrical energy produced by a panel depends on the sunlight S which it receives on the surface. The 
voltage Vmax corresponding to the maximal power vary only little according to the illumination, contrary the 
current Imax and power Pmax that greatly increase, figure. 6. 
                         
 Fig. 6.  Influence of illumination at constant temperature T = 25 ° C 
    B.  Influence of temperature 
 
The electrical characteristics of a solar panel depend on the junction temperature at the exposed surface. 
The behavior of the panel as a function of temperature is complex. When the temperature increases, the 
voltage decreases while the current increased. As the temperature increases and less the panel is efficient, 
figure. 7. 
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Fig  7.  Influence of temperature at constant llumination  G=1000W/m2 
2.3. Tracking of the point of maximal power MPPT  
     The electric power of the photovoltaic solar panels varies according to the weather conditions. To produce 
the best power, the maximum power point tracking (MPPT) was developed. These controllers force panels to 
be worked on their point of maximal power (MPP), inducing a global improvement in performance [6][7]. 
The MPPT controllers are done through a DC-DC converter or chopper type BUCK-BOOST[6][7].  
A. Perturbation and observation method 
 
It is the tracking of the MPP algorithm most used, and as its name suggests, it is based on the 
perturbation of the system by increasing or decreasing Vref  or by acting directly on the duty cycle of the 
converter DC-DC, so the observation of the effect on the output panel [6][7]. If the value of the actual 
power P(k) of the panel is higher than the previous value P(k-1) then we keep the same direction of the 
disturbance, otherwise  it reverses the previous cycle disruption. The figure. 8 give the flowchart of this 
algorithm [6][7]. 
                               
Fig.  8.  Functional organization chart of the algorithm P&O 
   The simulations of the method are done under conditions of sunlight and temperature said standard test 
conditions, ie: G = 1000 W / m2 and T = 25 ° C. The simulation results are shown in figure. 9: 
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Fig. 9.  Power panel, panel voltage and duty cycle of chopper 
       
  The transitional regime indicates the speed of the method, its duration depending on the width of the 
step of disturbance dΔ . When the disturbance is important, it allows a rapid convergence of the method 
to the maximum point power. At steady state, the value of the power stabilizes at about 61W, this value is 
exactly the point of maximum power from the solar panel of 36 cells connected in series for the standard 
conditions of sunlight and temperature. 
The structure of the five-level NPC VSI and its PWM strategy are given in [8][9][11].  
2.4. Modeling and control power of double-fed induction machine (DFIM) 
A. Modeling of the generatore 
 
The generator chosen for the conversion of kinetic energy is the double-fed induction generator (DFIG). 
Specially DFIM driven by the rotor, this choice allows for a single converter designed for a nominal 
power of about 25%  to 30% of the nominal power [1][2][13].  Thus, it will be less voluminous, less 
expensive and will require a less cumbersome cooling system[1][2][12]. The modeling of the DFIG is 
described in the reference of PARK, linked to the rotating field. The system of equation describes the global 
modeling of the generator [1][2]. 
                            (12) 
    
                                         
B. Control strategy of the double fed induction generator 
 
     To be able to control easily the electricity production of the wind turbine, we realized a control 
independent from active and reactive powers with orientation of the reference (d.q) following the 
statorique flux [2].  
 
    Assuming the flux is kept constant Φds (which is ensured by the presence of a stable network connected 
to the stator); the choice of this reference makes the electromagnetic couple produced by the machine, and 
consequently the active power, only dependent on the rotorique current of axis q. Moreover if we neglect 
the resistance of the winding statorique Rs, which is a rather realistic hypothesis for the machines of 
strong power used for the wind production, the adaptation of the equation (12) to the simplifying 
hypotheses gives [2]: 
                                                                                                                      (13)
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   Considering these powers as the reference, the set of reactive power is kept zero in order to keep a unity 
power factor rated stator. The diphase components of rotor voltages to be imposed on the machine to 
obtain the desired rotor currents are:  
                                                                       (14)                     
 
It is thus possible now to describe the block scheme of the induction machine with double fed which will 
be the block to regulate [2]: 
                              
3. Simulation of Hybrid System Studied            
3.1. Hybrid system with power control and without control MPPT  
    The active and reactive power reference are imposed: Pref = -4500W and  Qref = 0Var. Each panel 
provides a voltage of 163V. The torque applied to the machine -15N.m.  
 
             
Fig. 11.  Simulation results of the system with control and without MPPT 
 -We notice that the hypotheses given by the vector command in open loop are always verified at the 
levels of flux.  
Fig. 10.  Block scheme of the structure of indirect control by stator flux orientation
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-The system does not almost react to the variation of  load  torque. 
-Visible delayed response due to the delay of the output voltage of the solar generators. 
3.2. Hybrid system with power control and with control MPPT 
   Same condition: Pref = -4500W and Qref = 0Var. The voltage of each panel is 163V. The torque 
applied to the machine is -15N.m. 
           
               
   Fig. 12. Simulation results of the system with control and with MPPT 
  
We remark:   
 *Improved performance; 
  *system more stable; 
  *reduced response time. 
4. Conclusion 
    In this work, it was question of the study of a hybrid system constituted by an induction machine 
double fed piloted to the rotor through solar panels photovoltaic, the study is based on the analysis of the 
behavior and the performances. The results obtained are better in the case of a maximization of the power 
of the panel more the regulation of the active and reactive powers of the machine. The analysis shows that 
the proposed hybrid system is perfectly suited to the decentralized production of electricity, for example 
in remote sites because it offers the additional advantage of its performance, to be profitable. 
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